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3D Motion Analysis of Spontaneous Movements of Newborn and Young Infants 
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Abstract; Wc report our new study of 3D motion analysis of spontaneous movements of young infants. 14 reflective 
markers were attachcsd to the infant body and movements were recorded by 4 cameras. We present longitudinal data 
of an infant whose spontaneous movements were measurcsd every month from 1 to 4 months of age. 
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Figl. 3D motion analysis system. 
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Fig, 2 positions of reflective markers. 
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Fig. 3 -SD traiectorles of General Movements <GM) 
of an infant from 1 to 4 months of age, 
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Fig. 4 Tangential velocity (V) versus radius of 
curvature (R3 of spontaneous movements of right 
hand of an infant- Longitudinal change from 1 to 4 
months of age are presented. ' 
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Fig. 5 .'Uigular displacements of right elbow(KE), 
left elbow (LE), right knee (RK) and left knee(LK) 
during general movement (GM). Longitudinal 
change from Ito 4 months of age are presented. 
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Abstract: We report our new study of 3D motion analysis of spontaneous movements of 
young infants. 14 reflective markers were attached to the infant body and movements 
were recorded by 4 cameras. We present longitudinal data of an infant whose spontaneous 
movements were measured every month from 1 to 4 months of age. 

1. Introduction 

Newborns and young infants from 4 to 6 months of age make spontaneous 
movements called General Movements (GM) while lying on their backs. GM is a 
movement continuing for several seconds to several ten minutes even without any external 
stimuli. Therefore, classical reflection cannot account for GM. Being observed at a stage 
prior to the development of obviously voluntary movement such as reaching, GM possibly 
plays some functional role in development of movement. 

Prechtl et al. reported for the first time observation results that GM is characterized 
by its complexity and smoothness and that the pattern of GM changes at about 2 months 
of age [1,2]. They also reported that a trained doctor could predict cerebral palsy and the 
like only by seeing the pattern of GM [3]. 

Taga et al. recorded GM in a video tape to measure projections of trajectories of 
movements of hand tips and foot tips onto a two-dimensional plane. Then, as a result of 
study on determinacy of the movements on a phase space of a dynamical system, it was 
found out that GM is not noise having linear correlativity but follows nonlinear 
deterministic dy . „^ i - .s.i'* also showed that GM of an infant with cerebral palsy 
is a simple mov; . , , yclic characteristic [4]. 

Here, .....upt oi jD motion measurement will be reported, aiming at more 
quantitative measurement of GM. As far as the authors know, there has been no precedent 
for 3D measurement of spontaneous movements of the whole body of newborns and 
young infants within several months of age. The establishment and preliminary result of 
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the method will be reported. 
1. Method 

A 3D motion analysis system manufactured by Motion Analysis Inc. was used for 
the measurement. Its specifications will be described briefly. Four cameras (60 Hz, 
noninterlaced) were used as shown in FIG 1. Each of the cameras has a red LED strobe 
and a filter and is capable of photographing only light reflected on spherical reflective 
markers attached to the body of a subject infant. Prior to the measurement, 3D reference 
coordinates are determined in a cubic calibration frame. Images from the four cameras are 
recorded by VTRs. For synchronization, a signal from a synchronizing signal generator is 
inputted to audio tracks at predetermined time intervals. After the photographing, a part to 
be analyzed is selected from an arbitrary place of the video tape, and it is digitized by a 
video board, and the position of the marker is extracted. Then, based on data on the 
positions of the marker by the respective four cameras, respective 3D coordinates of the 
marker are calculated. 

The reflective markers with 1cm diameter were affixed on the skin using solid gel 
in use for a disposal electrode for electromyogram and the like. Prior to the measurement, 
the subject infant was undressed, and totally 14 reflective markers were affixed at 
positions as shown in FIG. 2. The time for the measurement was roughly 15 minutes. The 
measurement was conducted only when the subject infant was awake and was moving in a 
good humor. 

After the measurement, the 3D coordinates of the 14 markers were determined by 
using software for 3D motion analysis. It could not be avoided that some of the markers 
were often hidden when seen from a certain camera. Consequently, automatic tracking of 
the markers was not possible, so that manual tracking of the markers was often required. 
If at least two cameras captured an image of the marker, its 3D coordinates can be 
determined but this was not sometimes possible. In this case, a coordinate value of the 
marker was lacked. Note that the coordinate value was interpolated only when the time of 
the lack was sufficiently short. 

3. Result 

For one subject infant, data on 1, 2. 3, and 4 months of age were ocit-^ined. For 
each, about 15-munute measurement was conducted, and ihe isovemeat tnjectories of 
GM for at least continuous two minutes were obtained. 



3.1. Developmental change of the movement trajectories 

FIG 3 shows trajectories of the coordinate values of only the markers attached to 
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right and left hand tips and right and left foot tips out of the 14 markers. A characteristic 
noticeable at a glance is that a movement pattern of stretch of the hand tips and the foot 
tips in the Z-axis direct, that is, the gravity direction increases after 3 to 4 months of age. 

One method to quantify complexity of the patterns of these trajectories is an 
analysis by a nonlinear prediction method [4] which was adopted by the authors in the 2D 
movement analysis of GM. Since a data volume shown here is not large enough to enable 
the analysis, the number of subjects and the number of data are currently being increased. 

3.2. "1/3 power rule" of the movement trajectories 

As for the movements of hand tips of adults, it is well known that the following 
rule holds between tangential velocity V and radius of curvature R of the movement 
trajectories [5]. 

V(t) = kR(t)^^^ 

That is, a sharp-curved movement is performed slowly, while a linear movement is 
performed quickly. The relation of this rule and a plan of the movement trajectory by a 
cranial nerve system has been discussed. So, it was studied if this rule holds regarding the 
movement trajectories of the hand tips and the foot tips in GM. 

FIQ 4 shows the results of logarithmical plotting of tangential velocity and radius 
of curvature which were found from 3D coordinates of right hand of the same subject 
infant as above. As the overall tendency, a right-side upward inclination is observed from 
1 month to 4 month of age. That is, the power rule roughly holds from a newborn stage. 
This fact suggests that the power rule originates from a general property of dynamics of a 
neuromuscular skeletal system rather than from the plan of the movement trajectories by 
the cranial nerve system. 

3.3 Measurement of joint angles 

From the arrangement of the 14 markers, it is possible to obtain joint angles of 
shoulder joints as 3 degrees of freedom, elbow joints as 1 degree of freedom, hip joints as 
3 degrees of freedom, and knee joints as 1 degree of freedom. FIG. 5 shows angular 
displacements of right and left elbow joints and right and left knee joints among them. In 
some part, there are lacks of data because the markers are hidden. In future, we intend to 
increase the number of subjects and the number of data to study developmental changes of 
the movement pattern in such a joint angular space. 

4. Summarv and discussion 

The attempt to three-dimensionally measure the movement trajectories of the 
whole body has been reported regarding the spontaneous movements of newborns and 
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young infants. It has been found out that the trajectories of the positions of the 14 markers 
attached to the body can be tracked almost completely. However, with the four cameras 
currently used, the lack in data due to the hiding of the markers could not be completely 
avoided. With the current arrangement of the markers, the displacements of the wrist 
joints and leg joints cannot be obtained. However, considering load to a subject infant and 
performance of the 3D motion analysis system, it is considered appropriate to use about 14 
markers for measuring the movements of the whole body. 

Evaluation on various movement patterns is conceivable from successfully 
obtained trajectories and joint angles. There still remain many problems to be solved in 
future, such as the quantification of complexity of the movement patterns by the nonlinear 
prediction method, the verification of the power rule between the tangential velocity and 
radius of curvature of the movement trajectories, and so on. Such research on the 
movement development of newborns and young infants has a prospect to provide a new 
idea regarding movement control. 
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